and environmental
changes. Kerridge (1959) demonstrated in regeneration experiments of flagella that deflagellated cells of Salmonella typhimurium synthesized curly flagella in a medium containing p-fluorophenylalanine in place of phenylalanine. This phenomenon suggests that incorporation of the amino acid analogue into flagellar protein gives rise to an alteration of flagellar morphology. Transduction experiments in Salmonella from normal flagellar strains to curly flagellar mutants showed that the genetic change from normal to curly occurred by mutation at a site of a flagellin structural gene, HI or H2 (Iino 1962) . From these experiments it has been inferred that the curly flagellar mutants result from genetic replacement of a particular amino acid which is contained in normal flagellar protein.
In order to obtain the experimental evidences for such inference, biochemical analysis of flagellar protein has been carried out. In the present paper comparative analysis of peptide patterns obtained from flagellin of normal and curly mutant flagella is reported.
MATERIALS AND METHODS
Bacterial strains : Strains used in the present work are SL23 and SJ30 of Salmonella abortus-equi. Strain SL23 is a wild type with normal flagella. Strain SJ30 is derived from SL23 by a spontaneous mutation, and produces curly flagella in phase-2. Salmonella abortus-equi is a serotype which is stable in antigenic phase-2, in which only one kind of flagella having antigen enx are produced on account of carrying a genetic factor, vh2- (Iino 1961) . Therefore, the possibility is excluded that the contamination of phase-1 flagella occurs on the course of preparation of phase-2 flagella.
Preparation of flagellar protein : Cells were incubated for 20-25 hr at 30°C on nutrient agar medium containing 0.2 % glucose, harvested with 0.9 % saline, and washed twice. The cell suspension (approx. 1 x 1011 cells per ml) was shaken vigorously for 30 min and centrifuged at 1500 x g for 60 min to remove the cell bodies. The supernatant containing flagella fragments was centrifuged at 90000 x g for 60 min, and disintegrated in 0.005 N HCl for 1 hr. The suspension was further centrifuged at 90000 x g for 40 min, and the supernatant was dialyzed at 2°C against 3 changes of distilled water for 5 hr.
Purification of flagellin by column chromatography : Column chromatography was performed on DEAE-cellulose (Brown Co.). Prior to packing, the cellulose was adjusted to pH 8.0 by a KH2PO4 solution and equilibrated with starting buffer.
The flagellin sample equilibrated with the same buffer was applied to the column (1.0 x 10 cm). A gradient was established with 100 ml of 5 mM phosphate buffer (pH 8.0) in the mixing chamber and first 80 ml of 0.5 M phosphate buffer (pH 6.0) followed by 80 ml 1 M NaCI in 0.05 M KH2P04 (pH 4.2) in the reservoir. Protein was measured spectrophotometrically at 280 m i and/or 750 mi after reaction with the Folin phenol reagent (Lowry et al. 1951) .
Digestion with trypsin : Lyophilized flagellin was dissolved in a solution of 0.05 M phosphate buffer (pH 8.0) at a concentration of 2 °o. The solution was heated in a boiling water for 5 min in order to make flagellin susceptible to digestion with trypsin.
Trypsin used was the twice-crystallized, salt-free protein obtained from Nutritional Biochemical Co., U. S. A. Digestion was carried out by addition of 2 % solution of trypsin, which was prepared immediately before use, at a 1/50 ratio to flagellin suspension and subsequent incubation at 25°C for 20 hr with a drop of toluene. In order to evaluate the extent of digestion by a photometric ninhydrin procedure (More & Stein 1954) , 50 ~l each of an aliquote was removed at zero time and at appropriate intervals. The increase in ninhydrin color reached 65 % after 3 hr, then gradually increased until 20 hr and addition of trypsin at 20 hr incubation produced little hydrolysis further. After incubation for 20 hr, the digests were stocked in a freezer at -25°C.
Paper ionophoresis and chromatography : Ionophoresis of digested flagellin was performed on 10 x 35 cm sheet of Toyo No. 51 filter paper at constant voltage of 15.5 V/cm for. 5 hr at 5°C. Buffers used were pyridine-acetic acid-water (10: 0.4 : 90 by vol., pH 6.5 and 1:10: 90, pH 3.7), and formic acid-acetic acid-water (15: 5: 80, pH 1.5).
Separation of peptides by two-dimensional ionophoresis-chromatography was carried out by the method essentially similar to that described by Ingram (1958) . A 50 p1 sample of original solution was applied on Toyo No. 50 filter paper 40 x 30 cm which was moistened with the buffer (pH 6.5) previously. After the ionophoresis for 5 hr (The applied potential fell from 12 V/cm to 10.8 V/cm, as the current rose, and the rise of temperature in the box was 3-5°C), the paper was removed from the apparatus and dried in air. Two-dimensional development was completed by descending chromatography in freshly prepared n-butanol-acetic acid-water (200: 30: 75 by vol.) for 15 hr at 20°C.
The paper was then dried in air and the peptides were located by dipping the paper in 0.25 % ninhydrin in aceton and heating at 65-70°C for 20 min.
Tests for specific amino acids : Tyrosine-containing peptides were located with Millon reagent (Satake & Hayashi 1963) . Histidine-containing peptides were located with sulphanil diazo reagent (Mann & Leon 1953) . A modified Sakaguchi reagent (Archer & Crocker 1952) was used for the detection of arginine-containing peptides.
RESULTS
Fractionation patterns of flagellin by column chromatography : Flagellin samples of both SL23 and SJ30 showed the same fractionation patterns on DEAE-cellulose column chromatography.
In the effluents corresponding to 25-50 ml, only one peak (peak B) appeared ( Fig. 1) , when the sample was applied to the column immediately after dialysis.
The test of H (enx)-antigenicity of this peak by means of an Ouchterlony plate (Ouchterlony 1949) was positive.
In some fractionations, a small peak (peak A) came off before the major peak B and in this time a shoulder (peak C) always appeared behind the peak B.
In order to determine whether the peak A and C are caused by contamination with other proteins or denaturation of flagellin, the dialyzed sample was divided into two portions and one was applied to the column immediately ( Fig. 1 ), while the other was stored in 2°C and applied after three days (Fig. 2) . In the chromatogram after three days, the small peak A increased, the peak B decreased compared to the first fraction and the shoulder (peak C) grew to one large peak. The antigenicity of the peak A was negative to both anti-H (enx) and anti-O (4,12) sera and the other two peaks (peak B and C) showed positive reactions to anti-enx serum. Moreover, the rechromatography of the peak B in Fig. 1 showed the fractionation pattern of three peaks. Thus it is concluded that the peak A is a degradation product of flagellin and the peak C represents a flagellin polymer.
From the results of these DEAE-column chromatography, the flagellin sample prepared by acid-disintegration was found to be practically pure, so that the flagellin lyophilized directly after dialysis was used for the following experiments.
Ionophoresis of tryptic digests : In the expectation that the difference between normal and curly flagellin might appear at the level of ionophoresis, paper Ionophoresis of tryptic digests of both flagellins was carried out in several buffers. In pyridine-acetic acid-water buffer (pH 6.5), the peptides were separated into eleven bands (Fig. 3) , but difference was not detectable between the two types of flagellin on the distribution of peptides.
At the Ionophoresis at pH 3.7 and pH 1.5, thirteen and ten peptide bands were separated respectively, and here also there were no detectable differences. peptide appeared intensely on the chromatogram of SJ30, while on SL23 it appeared faintly.
The plausible explanation on the difference in the intensity of No. 17 spots is that the spot on SJ30 is a mixture of two peptides, which react with ninhydrin faintly A 2.5 ml sample was applied on the column immediately after dialysis. A 2.0 ml sample was applied on the column three days after dialysis. A peptide which corresponded to C-17' could not be pointed out on the chromatogram of SL23, but it seems to be included in the cluster of unseparable peptides.
Paper chromatography of band-1, 2, 3 and band-4 on the ionogram : Judging from the relative distance between band-4 and band-5 in Fig. 3 , and the intensity with ninhydrin staining, the band-4 on the ionogram prepared at pH 6.5 is considered to correspond to lineary developed peptides including the cluster (No. 10-13) in Fig. 4 . In order to separate No. 17 spot on SJ30 further, and to identify the peptide of SL23 which correspond to C-17', the peptides eluted from the band-l, 2, 3 and the band-4 on the ionogram were developed on a long filter paper by descending chromatography, and tested with specific reagents for arginine, histidine and tyrosine to identify the homologous peptide spots.
The mixtures of peptides obtained from the band-1, 2, 3 were separated into seven peptide pairs and difference was not detectable on their positions between SL23 and SJ30 (Fig. 5) . The band-4 eluted from the ionogram of SL23 and SJ30 was separated both into nine peptides, among which eight peptides were homologous with each other (Fig. 5, band-4) .
In the band-4 of SJ30, the fifth peptide from the original Fig. 5 and also the tenth peptide (C-17') in Fig. 5 was not the distal one, but eleventh peptide should appear at the position of Rf value of 0.63 in both chromatograms of SL23 and SJ30.
In conclusion, the two flagellins of SL23 and SJ30 differ in only one peptide which appear as the fifth peptide of the band-4 in SL23 and as the tenth peptide in SJ30. This peptide does not contain arginine, histidine and tyrosine.
DISCUSSION
The present investigation demonstrates that flagellin of a normal type strain of S.
abortus-equi differs from that of a curly mutant derived from the former in only one among 35 component peptides. This conclusion provides a chemical evidence for the hypothesis that the genetic change from normal to curly is a mutation in a structure gene of flagellin (Iino 1962) . The mutation causes an alteration of one or at most several sequential amino acid (s) in the flagellin polypeptides, leading to an alteration in the configuration of flagellin, in the mode of polymeric process and finally to the change in flagellar shape. It may be worth noting that, in some bacterial strains, the transition of a flagellum from normal to curly has been observed on living cells by a change of pH in a medium (Leifson 1960) and occasionally on flagellar fibers isolated from the cells by prolonged storage (Asakura et al. 1964) . The transitions in these instances are considered to be due to some modifications in the conformation of flagellins without the change in their amino acid sequences.
The molecular weight of flagellin was found to be 36000-37000 in Salmonella (Kerridge et al. 1962; Asakura et al. 1964) . Amino acid composition of flagellin was also investigated in some Salmonella species. From the data of Ambler and Rees (1959) , number of residues of lysine and arginine are 84 or 85 in 105 g of flagellin of 1.2 antigen type. When the molecular weight is taken as 37000, the number of lysine and arginine residues contained in 1 Mol of the 1.2 type flagellin is established to be 31 or 32.
From this estimation, it is suggested that the Cryptic digests of 1.2 type flagellin contain at least 32 or 33 kinds of peptides after completion of hydrolysis. These numbers are approximately the same with those of peptides obtained by twodimensional separation of tryptic digests of SL 23 and SJ 30 flagellin. In another experiment it has been found that the number of peptides in the digests of 1.2 type flagellin does not differ from that of enx type flagellin (unpublished data). Therefore, it is considered that one flagellin molecule of 1.2 antigen type contains the same number of lysine and arginine residues with that of enx antigen type.
The two peptides which differ with each other between the peptides patterns of SL23 and SJ30 flagellin have the following characters.
1) The two peptides do not contain arginine, histidine and tyrosine.
2) The two peptides have the similar charge and do not separate by ionophoresis.
3) The Rf value of the peptide in SJ30 is approx.
3.5 times higher than that in SJ23. 4) The replacement of the peptide of SL23 with that of SJ30 does not cause any alteration in the antigenic specificity of flagella, so far as the anti-enx sera against both SL23 and SJ30 flagella are tested by absorption-agglutination experiment (Iino 1962) . Supposing that the difference in the two peptides is due to a replacement of an amino acid, the changed amino acid exerts its effect not on the mobility of the peptide in ionophoresis, but on the Rf value in chromatography.
Consequently it is inferred that the replacement occurs not between amino acids such as acidic, neutral and basic group, but within any one of the groups and that the replaced amino acid has relatively long carbon chain or aromatic ring. The analysis of the amino acid composition of the two peptides is on the way.
On the identity of antigenic specificity between the two flagella, there are following two possibilities : 1) the replaced amino acid is antigenically equivalent to the former one, though the site of replacement is important for the antigenic specificity : 2) the replacement has occurred at the position which is not concerned with the antigenic specificity, probably hidden in the interior of the flagellin monomer, or hidden by other monomers at polymeric state.
To make sure of these possibilities, it is necessary to clarify the position of the antigenic determinant of flagellin and to reveal its amino acid sequence. These investigations remain to be started.
SUMMARY
Tryptic digests of chromatographically pure samples of flagellin prepared from a normal flagellar strain and its curly mutant in Salmonella abortus-equi were compared with each other ionophoretically and chromatographically. The two flagellins differ in only one among resultant 35 peptides. The peptides differing between two flagellins have the following characters: 1) they do not contain arginine, histidine and tyrosine;
2) the charge difference are not observed between them ; 3) the Rf value of the peptide in curly flagellin is approx. 3.5 times higher than that in normal flagellin.
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